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CONTEXTUAL CONTROL OF STIMULUS
GENERALIZATION AND STIMULUS EQUIVALENCE IN
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The purpose of this study was to determine whether hierarchical categorization would result from a
combination of contextually controlled conditional discrimination training, stimulus generalization,
and stimulus equivalence. First, differential selection responses to a specific stimulus feature were
brought under contextual control. This contextual control was hierarchical in that stimuli at the top
of the hierarchy all evoked one response, whereas those at the bottom each evoked different re-
sponses. The evocative functions of these stimuli generalized in predictable ways along a dimension
of physical similarity. Then, these functions were indirectly acquired by a set of nonsense syllables
that were related via transitivity relations to the originally trained stimuli. These nonsense syllables
effectively served as names for the different stimulus classes within each level of the hierarchy.
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Categorization has been extensively inves-
tigated in the psychological literature. Cate-
gories are generally defined as sets of individ-
ual stimuli that share stimulus functions,
sometimes but not always on the basis of phys-
ical similarity (e.g., Anglin, 1977; Flavell,
1985; Lea, 1984). That is, stimuli may share
formal properties, as in the category ‘‘red
things,’’ or they may share functions, as in the
category ‘‘things I’ll work to get, like ice
cream, money, or approval.’’ As has been
pointed out by others (e.g., Adams, Fields, &
Verhave, 1993; Fields, Reeve, Adams, Brown,
& Verhave, 1997; Fields, Reeve, Adams, & Ver-
have, 1991), natural categories consist of
stimuli that share both physical features and
stimulus functions.

A special case of categorization is hierar-
chical categorization, or the creation of sub-
categories within categories. Developmental
psychologists have typically approached the
study of categorization, including hierarchi-
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cal categorization, descriptively. Typical re-
search questions include the age at which
children can perform categorization tasks or
the kind of categorization typical for children
at different ages. For example, hierarchical
categorization is typically studied through the
use of class-inclusion logic problems. A child
may be presented with 20 pieces of candy, 10
of which are M&Mst and 10 of which are jelly
beans. The experimenter then asks the child
whether there are more M&Ms or more can-
dies. It has been found that 5- and 6-year-olds
will tend to compare M&Ms and jelly beans
rather than M&Ms and the total number of
candies, as asked. Seven- and 8-year-olds,
however, are likely to perform the task cor-
rectly (McCabe, Seigal, Spence, & Wilkinson,
1982).

Developmental psychologists, especially
those within the Piagetian tradition, explain
these age-based results of the ‘‘jelly bean chal-
lenge’’ by describing qualitative changes in
thinking that are believed to occur with de-
velopment. It is believed that thinking is de-
termined by schemes, which are ‘‘like intel-
lectual computer software that directs and
determines how data from the world are
looked at and dealt with’’ (Achenbach, 2001,
p. 157). Young children are said to have ‘‘cen-
tration,’’ a cognitive set that causes them to
focus their attention on the most salient phys-
ical features of the stimuli (Piaget, 1929).

From a behavior-analytic or functional-an-
alytic perspective, this research suggests that
the categorizing behavior of younger chil-
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dren is frequently under a particular kind of
stimulus control, namely the formal charac-
teristics of the stimuli. By the age of 7 or 8
years, the source of stimulus control shifts so
that children tend to make verbal categori-
zation responses on the basis of stimulus
functions. That is, although M&Ms and jelly
beans are different in appearance, the chil-
dren’s answers to the logic problem reflect
their experience with contingencies that sup-
port differential responses to the two types of
candies. These contingencies are likely under
contextual control. In some contexts, the two
kinds of candies occasion different response
classes. In other contexts, the candies occa-
sion the same responses. That is, children
learn that in some contexts distinguishing be-
tween M&Ms and jelly beans is irrelevant. For
example, eating either before dinner will re-
sult in punishment if ‘‘candy’’ has been for-
bidden. It seems likely that having a candy-
specific learning history that supports
responding appropriately in a variety of con-
texts enables a correct response to the ‘‘jelly
bean challenge.’’

The purpose of the present study was to
address this issue experimentally within a be-
havior-analytic framework. In particular, we
attempted to produce hierarchical categori-
zation in a laboratory setting. If the idea of
‘‘hierarchy’’ is useful at all, it is in reference
to the kinds of contingencies that control and
maintain the behavior of categorizing. Some
contingencies support responding to physi-
cally different stimuli as if they are the
‘‘same,’’ whereas other contingencies support
responding to physically similar stimuli as if
they are ‘‘different.’’ Stimuli involved in nat-
uralistic hierarchical categories often have
some physical features in common but are
generally categorized according to function.
For example, a domestic cat may be correctly
categorized (labeled) as a pet, a feline, a
mammal, and an animal, as we go from the
specific level to the general level of the ani-
mal hierarchy. Our verbal categories may re-
flect real aspects of the physical characteris-
tics of that organism. We can, however, also
explain our use of those terms by noting that
there are conditions under which it is most
useful and appropriate to respond to the cat
very generally as an animal, more specifically
as a mammal, or still more specifically as Aunt
Edna’s beloved ‘‘Fluffy.’’ In each context, our

behavior is determined by somewhat differ-
ent behavioral contingencies.

The first part of this experiment asked
whether hierarchical functional classes of
physically related stimuli can be established
in a laboratory setting. Specifically, we wanted
to determine whether it was possible to estab-
lish the kind of hierarchical categories typi-
cally referred to in everyday language. These
typical categories seem to be composed of
members that share a stimulus function. Fur-
thermore, this function may covary with the
members’ physical similarity. For example,
cats of various fur lengths can be treated as
if they are the same (i.e., as if they are simply
cats rather than dogs). In some contexts,
however, it may be necessary to further distin-
guish between long- and short-haired breeds,
and only to a lesser extent continue to cate-
gorize them all as ‘‘cats.’’

In this experiment, these ‘‘cats’’ were rep-
resented by a series of triangle stimuli that
varied along a continuous physical dimen-
sion. Color contexts were used to represent
the circumstances under which it would be
appropriate to treat all the cats as if they are
the same or to distinguish among them. At
the top of our hierarchy (green context), all
triangles function similarly. In the middle of
our hierarchy (red context), the triangles
represent functionally distinct short- and
long-haired breeds. At the bottom of our hi-
erarchy (yellow context), the triangles repre-
sent four different breeds ranging from very
short to very long hair.

An additional feature of typical hierarchi-
cal categories is that they are unidirectionally
inclusive. That is, Fluffy is a cat, and all cats
are mammals, and all mammals are animals;
but the reverse is not true. All animals are not
mammals, all mammals are not cats, and all
cats are not ‘‘Fluffy.’’ In this experiment, we
attempted to establish a specific form of con-
textual control over class membership such
that the general function shared by all of the
triangle ‘‘cats’’ at the top of the hierarchy
would transfer to the triangle ‘‘cats’’ at the
lower levels, but that the reverse would not
occur. In this sense, the transfer of functions
within the hierarchical category would be
unidirectional.

The second part of this experiment asked
whether arbitrary stimuli (nonsense syllables)
can be brought into the categories and
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whether these stimuli would acquire the func-
tions of names or labels. According to the de-
velopmental literature, preverbal infants first
learn functional categories and only later la-
bel them (e.g., Bee, 1999; Feldman, 1999).
This labeling is important because it allows
the almost infinite expansion of the category
in the absence of any direct training or ex-
perience with individual members. Once a
stimulus is labeled as belonging to an existing
category, it automatically acquires the func-
tions shared by the members of that category.
According to Feldman (1999), critical cogni-
tive and behavioral advances are thought to
develop along with the acquisition of ‘‘sym-
bolic function,’’ or the ability to use a ‘‘men-
tal symbol,’’ that is, a word or object repre-
senting something not physically present. For
example, ‘‘preschoolers can use a mental
symbol for a car (the word car), and they like-
wise understand that a small toy car is rep-
resentative of the real thing. Because of their
ability to use symbolic functions, children
have no need to get behind the wheel of an
actual car to understand its basic purpose and
use’’ (p. 192). Furthermore, symbolic func-
tion also allows children to think beyond the
present to the future and to consider multi-
ple possibilities at the same time.

The processes by which verbal stimuli are
brought into already existing functional clas-
ses and the transfer of functions that results
from these processes are central to the stim-
ulus equivalence literature. This literature
has most recently been absorbed by and in-
terpreted within relational frame theory
(summarized in Hayes et al., 2001). Stimulus
equivalence is a phenomenon in which func-
tional relations among stimuli emerge with-
out direct training when a human is taught a
series of interrelated conditional discrimina-
tions (Sidman & Tailby, 1982). For example,
if a child learns through conditional discrim-
ination training to match A to B and A to C,
it is likely that he or she will, without addi-
tional training, be able to do more than this.
Specifically, he she will be likely to show re-
flexivity by matching each of these stimuli to
itself; symmetry by matching B to A and C to
A; and transitivity by matching B to C and C
to B. The stimuli involved in the conditional
discrimination become, in this context, func-
tionally substitutable for each other. There-
fore, they are said to be equivalent, or mem-

bers of an equivalence class (Sidman, 1971;
Sidman & Tailby, 1982). In this way, there is
what could be called an explosion of knowl-
edge that occurs in an emergent way. With
the direct training of only 15 relations, for
example, 60 untrained conditional relations
may emerge (Sidman, Kirk, & Willson-Morris,
1985). A symbol and its referents can also be
seen to form an equivalence class. For ex-
ample, Sidman (1971) asked a young retard-
ed man to select pictures in response to their
spoken names (A-B). The subject was then
taught to select the pictures’ corresponding
written names in response to their spoken
names (A-C). Without further training, the
subject then matched the written names to
the pictures (B-C) and vice versa (C-B), and
also named the pictures (B-A) and read the
printed words (C-A).

Hayes et al. (2001) have argued that equiv-
alence relations are examples of arbitrary re-
lations among stimuli, because they are not
based on the formal characteristics of the
stimuli but emerge through the training of
interrelated conditional discriminations. In
other words, these relations are arbitrary be-
cause behaving as if the stimuli are equivalent
is established entirely by reinforcement. For
example, there is no formal relation between
the word dog and a dog, but the practices of
the social-verbal community have taught us to
behave in some ways as if they are the same.
It has been demonstrated that when an equiv-
alence class is trained through conditional
discrimination training, the stimuli may then
also share stimulus functions, or become func-
tionally equivalent in some ways (e.g., Dougher,
Augustson, Markham, & Greenway, 1994;
Wulfert & Hayes, 1988). When a child learns
to tact a shared category function, such as
‘‘animals you pet,’’ or to label a category,
such as ‘‘cats,’’ this necessarily involves stim-
ulus equivalence because the relation be-
tween the category label and the referent is
arbitrary. It has been hypothesized by Sidman
(1989) that ‘‘the most important function of
equivalence relations is to transfer new stim-
uli—for example, words—into already exist-
ing functional classes’’ (p. 273). Accordingly,
the procedures used to establish stimulus
equivalence classes were used in the present
study to bring nonsense syllables into existing
functional classes. Thus, it was predicted that
the contextual control of stimulus generaliza-
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Fig. 1. Stimuli used in training.

tion and stimulus equivalence would establish
hierarchical categorization in a laboratory
setting.

METHOD

Subjects

Introductory psychology students were re-
cruited for participation through in-class an-
nouncements. The first 5 students to volun-
teer served as subjects. They received course
credit for their participation and also earned
money dependent on their performance. At
the beginning of the experiment, the general
procedures were explained, and all subjects
read and signed a statement of informed con-
sent. Subjects were free to discontinue at any
time. All subjects were debriefed after com-
pletion of the study.

Setting, Materials, and Apparatus

Each subject worked individually in one of
two small (approximately 2 m by 2.5 m)
rooms. Each room contained a chair, desk,
keyboard, monitor, and personal computer,
which was used to present stimuli and record
subject responses. The desk was situated
along the far wall facing away from the door-
way, so the subject could be intermittently ob-
served with minimal distraction.

Stimuli were designed to enhance the issue
of physical similarity as a relevant dimension.
These stimuli were 14 triangles (designated
S1, S2, . . ., S14) that varied in terms of the
angle formed by Sides A and B and, corre-
spondingly, the length of Side C (see Figure
1). Sides A and B were always 1.5 in. long,
and the triangles were positioned so that Side
C was the horizontal base. Otherwise all tri-
angles were the same. They were drawn with
a black line and appeared on a red, green, or
yellow background. The AB angles ranged

from 128 to 1688 and varied in increments of
128. Thus, for each stimulus, the AB angles
were as follows: S1 5 12, S2 5 24, S3 5 36,
S4 5 48, S5 5 60, S6 5 72, S7 5 84, S8 5
96, S9 5 108, S10 5 120, S11 5 132, S12 5
144, S13 5 156, S14 5 168. Other stimuli
consisted of the seven nonsense syllables bup,
yap, wug, zig, pif, gak, and git.

Procedure

The study consisted of two parts, each with
a training and test phase. The training phase
of Part 1 consisted of a series of conditional
discriminations presented in different back-
ground colors on the computer screen. The
training goal was to bring responding to An-
gle AB/Side C length of four sample triangles
under the contextual control of the back-
ground colors (Figure 2). Responses consist-
ed of selecting a button from an array pre-
sented along the bottom of the computer
screen. The correct button depended on the
triangle and the background color presented
on a given trial. The test phase of Part 1 en-
tailed the presentation of novel triangles
along with the training stimuli, and was in-
tended to assess whether differential respond-
ing generalized to these novel stimuli. In test-
ing, trials were presented in extinction.

The training phase of Part 2 was similar to
that of Part 1 in that it also consisted of a
discrimination task intended to bring differ-
ential responding to four sample triangles un-
der contextual control. Responses in this task,
however, consisted of matching nonsense syl-
lables to the triangles. The test phase of Part
2 consisted of three different tests. Test 1 de-
termined whether naming responses would
generalize to novel triangles. Test 2 deter-
mined whether the original stimulus func-
tions trained in Part 1 would transfer to the
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Fig. 2. Graphic depiction of the trained and tested relations among stimuli used in this experiment.

Fig. 3. A sample trial as seen by the subject during
conditional discrimination training of selection respons-
es.

syllables. Test 3 assessed whether symmetrical
relations between the nonsense syllables and
novel triangles would emerge.

Part 1: Conditional Discrimination
Training of Selection Responses

During this phase, subjects received the fol-
lowing instructions:

On the computer screen, you will see a back-
ground color, a triangle at the top of the
screen, and seven buttons at the bottom of the
screen. You earn points by choosing the cor-
rect button, depending on what you see on
the screen. It might take a while to learn
which is the correct button, because the tri-
angles are all very similar. But, there will al-
ways be a ‘‘best’’ answer, which is worth 6
points. Sometimes there will also be a ‘‘next-
best’’ answer, worth 3 points, and a ‘‘next-

next-best’’ answer, worth 1 point. The rest of
the answers will be wrong. Your job is to earn
as many points as possible! You will be able to
cash in your points for money, up to $20.00.
We will also keep track of who earns the most
points of all the subjects this semester. That
champion will win $40.00.

The training phase involved a conditional
discrimination task in which subjects were
taught to respond differently to four training
triangles, depending on color background.
Subjects were alerted to attend to back-
ground color simply to facilitate training.
One of four sample triangles (S3, S6, S9, and
S12) appeared on the top-center of the com-
puter screen, followed immediately by the
presentation of seven buttons across the bot-
tom of the screen (Figure 3).

Subjects responded by using a mouse to
click on one of the buttons. Responses were
coded by the button (left to right) that the
subjects selected: R1 indicates the selection of
Button 1, R2 indicates Button 2, and so on.
After a button was selected, the screen
cleared and written feedback appeared on
the screen. Depending on a subject’s re-
sponse, the feedback presented was ‘‘6
points. This is the best answer’’; ‘‘3 points.
But there is a better answer’’; ‘‘1 point. But
there are better answers’’; or ‘‘Incorrect. This
is a wrong answer.’’

Which response was best depended jointly
on the color background of the computer
screen and the sample (see Figure 4). When
the background color was green, subjects
earned six points for selecting the middle
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Fig. 4. Part 1: conditional discrimination training of selection responses. Points earned for button position re-
sponses (R1 through R7) to sample triangles (S3, S6, S9, S12) by background color.

button (i.e., R4) in the presence of any of the
four training stimuli. All other responses
were incorrect. When the background color
was red, subjects earned six points for select-
ing R1 in the presence of S3 and S6 and for
selecting R7 in the presence of S9 and S12.

If they selected R4 in the red background,
they earned only three points. All other re-
sponses were incorrect. In the yellow back-
ground, the six-point responses were R2 in
the presence of S3, R3 in the presence of S6,
R5 in the presence of S9, and R6 in the pres-
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ence of S12. Three points were awarded for
R1 in the presence of S3 or S6 and R7 in the
presence of S9 or S12. One point was award-
ed for R4 in the presence of any of the stim-
uli.

Training trials began in the green back-
ground. One of the four sample stimuli was
presented individually in quasirandom order
until the subject reached the training crite-
rion described below. After the criterion was
met in the green background, the sample
stimuli were presented in quasirandom order
in the red background until the criterion was
met. Then the trials previously presented in
the green and red backgrounds were ran-
domly mixed and presented again until the
subject again met the training criteria. After
the training criterion was met with these
mixed trials, training trials were presented in
the yellow background. When criterion was
reached in the yellow background, a final
mixed task was presented in which sample
stimuli were presented in randomly alternat-
ing red, green, and yellow backgrounds until
the subject met criterion. The training crite-
rion for each background color on this final
task was the same as for each individual color
condition.

The training criterion in the green back-
ground was 95% correct responses after a
minimum of 50 trials. The maximum number
of trials required to meet this criterion was
110. No three-point or one-point responses
were possible in the green background. The
training criteria in the red background re-
quired subjects to choose the six-point re-
sponse at least 90% of the time and to choose
a three-point response 5% or less after a min-
imum of 50 trials. The maximum number of
trials required to meet this criterion was 178.
No one-point responses were possible in the
red background. To satisfy training criteria in
the yellow background, subjects were re-
quired to choose the six-point response at
least 88% of the time, a three-point response
5% or less, and a one-point response 2% or
less after a minimum of 50 trials. The maxi-
mum number of trials required to meet this
criterion was 200. On the final mixed task
during the training phase, the above criteria
were required for each color context for a
minimum of 150 trials. The maximum num-
ber of trials required to meet this criterion
was 320. When criterion was met on this final

task, the computer screen cleared and in-
structions for the test phase appeared.

Part 1: Generalization Test

Instructions for the test phase were as fol-
lows:

This next part will be a little different from
the last. Even though correct answers still earn
the same points, you won’t get feedback after
your choices: we won’t tell you how many
points you’re earning anymore. You will also
probably see some new triangles during this
part. Even though there will be new triangles
and you won’t see the points you earn, there
is always a best, 6-point answer and sometimes
other answers are worth 3 points or 1 point.
Pay attention to the background color when
you choose the buttons and try to earn as
many points as possible to earn money and
win the championship.

Testing consisted of a series of trials pre-
sented without feedback to determine wheth-
er the trained responses generalized to novel
triangles. The triangles included all of the tri-
angles described previously, including the
four training triangles depicted in Figure 1
and the remaining 10 novel triangles that
were not presented during training. Each of
the 14 test stimuli was quasirandomly pre-
sented five times in each of the three back-
ground colors, for a total of 210 test trials.

Part 2: Conditional Discrimination
Training of Naming Responses

The instructions, procedures, and training
criteria in this part were identical to the train-
ing phase of Part 1 with one exception. The
subjects learned a naming response rather
than a button-selection response in the pres-
ence of the sample triangles. Seven, nonsense
syllables (wug, yap, zig, git, bup, gak, and pif)
appeared across the bottom of the screen on
each trial. Subjects were instructed to match
particular names to sample stimuli by select-
ing a name in the same way they selected a
button in Part 1, except that the names ap-
peared in randomly alternating positions
along the bottom of the screen on each trial.

Which response was the best answer again
depended jointly on the color background
and sample triangle (see Figure 5). When the
background color was green, subjects earned
six points for selecting wug in the presence
of any of the four training stimuli. All other
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Fig. 5. Part 2: conditional discrimination training of naming responses. Points earned for nonsense-word matching
to sample triangle stimuli (S3, S6, S9, S12) by background color.

responses were incorrect. When the back-
ground color was red, subjects earned six
points for selecting yap in the presence of S3
or S6 and for selecting zig in the presence of
S9 or S12. Selections of wug earned three

points. All other responses were incorrect. In
the yellow background subjects earned six
points for selecting git in the presence of S3,
bup in the presence of S6, gak in the pres-
ence of S9, and pif in the presence of S12.
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Fig. 6. A sample trial as seen by the subject during
conditional discrimination training of naming responses.

Subjects earned three points for selecting yap
in the presence of S3 and S6 and for selecting
zig in the presence of S9 and S12. Selections
of wug earned only one point in the yellow
background.

Part 2: Generalized Naming,
Transitivity, and Generalized
Symmetr y Tests

There were three tests in the test phase of
Part 2. The generalized naming test was a rep-
lication of the generalization test of Part 1,
except that subjects selected nonsense sylla-
bles rather than buttons (see Figure 6). The
instructions and trial presentations were iden-
tical to those in Part 1. The purpose of these
trials was to determine whether the trained
naming responses would generalize to the
novel triangles.

When the generalized naming test was
completed, the screen cleared and the in-
structions for the transitivity test appeared.
Subjects were again told that correct answers
earned the same points, but they would not
receive feedback. The transitivity test consist-
ed of a series of trials presented without feed-
back to determine whether the original stim-
ulus functions trained in Part 1 (i.e., the
selection responses) would transfer to the
nonsense syllables. Subjects previously
learned (a) to select buttons in the presence
of triangles and (b) to select nonsense names
in the presence of the same triangles. The
transitivity test determined whether, on the
basis of this past training alone, subjects
would then be able to select the correct but-
tons in the presence of the nonsense words
and background colors.

The nonsense names used as response
choices during the conditional discrimina-
tion training of naming responses appeared
as samples at the top of the screen during the
transitivity test. Each nonsense name was qua-
sirandomly presented five times in the red,
green, and yellow backgrounds for a total of
105 test trials. When this test was completed,
the screen cleared and instructions for the
generalized symmetry test appeared. Subjects
received similar instructions, except that they
were told the following:

What’s different about this next part is that we
want you to choose whether or not the things
you see on the screen go together. Choose a
‘‘YES’’ or ‘‘NO’’ button the same way you
chose the other buttons earlier, to indicate
whether or not the triangle and the letters you
see go together.

The generalized symmetry test consisted of
a series of trials presented without feedback
to determine whether untrained symmetrical
relations would emerge between the non-
sense syllables and the novel triangles. These
relations could be said to have emerged if
subjects successfully matched triangles to the
nonsense names, having been taught to
match the names to the training triangles
during conditional discrimination training
(see Figure 2).

The triangles used in the generalized sym-
metry test were the same 14 used in the gen-
eralization test in Part 1. On each trial, a tri-
angle appeared in the top center of the
screen. It was immediately followed by the
presentation of one of the nonsense names
directly below the triangle. At the bottom of
the screen, there also appeared a ‘‘yes’’ and
a ‘‘no’’ button, from which the subjects were
asked to choose. There was a total of 1,470
test trials comprised of five presentations of
every possible combination of each of the 14
triangles with each of the seven nonsense
names in each of the three background col-
ors.

After this test, subjects were debriefed, giv-
en the appropriate participation points for
class credit, and dismissed. The subjects were
contacted and paid after the study was com-
pleted.



442 KAREN GRIFFEE and MICHAEL J. DOUGHER

Fig. 7. Part 1, generalization test data for all subjects. Selection responses to each triangle stimulus by background
color. The first number in each cell indicates button position selected (1 through 7 possible). The second number
indicates the times subjects made that selection response (1 through 5 possible; 0 responses are not graphed).

RESULTS

Part 1: Generalization Test

The data for the generalization test are pre-
sented in Figure 7. Subjects correctly selected
buttons dependent on color context, and
these responses generalized to the novel test
stimuli. Because each test stimulus was pre-
sented five times in each background color,
there are five possible responses in each cell.

Recall that the training stimuli were trian-
gles S3, S6, S9, and S12. In the green back-
ground, subjects were trained to select But-
ton 4 in the presence of each training
stimulus. In testing in the green context, all
subjects chose Button 4 in the presence of
the novel stimuli as well. With the exception
of Subject 4, who made a few selection errors
(in 4 of 70 trials), Button 4 was selected in
the presence of every stimulus by every sub-
ject.

Recall that in the red background subjects
were trained to select Button 1 in the pres-
ence of S3 and S6 and to select Button 7 in
the presence of S9 and S12. Button 4 also
counted toward criterion up to 5% of the

time. Again, these responses generalized to
the novel stimuli for all subjects. As the test
triangles approached the halfway point be-
tween S6 and S9, subjects became more likely
to divide their responses between Buttons 1
and 7 or to default by selecting Button 4
(note responses to S6 through S9 for all sub-
jects in the red background).

In the yellow background, subjects were
trained to select Button 2 in the presence of
S3, Button 3 in the presence of S6, Button 5
in the presence of S9, and Button 6 in the
presence of S12. Responses appropriate to
the red and green backgrounds were also ac-
ceptable 5% and 2% of the time, respectively.
All subjects showed generalization to the nov-
el stimuli. As in the red background, inter-
mediate test stimuli were more likely to elicit
mixed responding.

Part 2: Generalization Test

Results for the generalized naming test are
presented in Figure 8. These results are al-
most identical to those of the generalization
test in Part 1. This pattern of responding was
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Fig. 8. Part 2: generalized naming test data for all subjects. Nonsense-syllable responses for each test triangle (S1
through S14) by background color. Each cell indicates the number of times subjects selected a particular syllable.
Subjects could select any syllable for a total of five trials for each triangle stimulus. Only those syllables chosen are
listed. Trigrams are listed by first letter, except gak (k) and git (t).

expected, given that the only procedural
change from the training phases of Part 1 to
Part 2 was that the response was naming rath-
er than selection of a button.

Most subjects correctly selected nonsense
names dependent on color, and those re-
sponses generalized to the novel test stimuli.
Intermediate stimuli were again more likely
to elicit mixed responding in the red and yel-
low backgrounds. Although Subject 4
reached criterion during the testing phases
(as did all subjects), the trained responses in
the yellow background dropped out during
the nonreinforced test trials, and there was
substantial variability in her pattern of re-
sponding.

Part 2: Transitivity Test

Recall that subjects first learned button se-
lection responses in the presence of the tri-
angles (Part 1) and then naming responses
in the presence of the same triangles (Part
2). It was expected that subjects would then
choose the appropriate buttons in the pres-
ence of nonsense names, given that this rep-
resents a transitive relation if stimulus equiv-
alence classes formed. The data in Figure 9
show that the nonsense syllables became dis-
criminative for choosing the expected but-
tons.

In the green background, first note the
cells representing the Button 4 response in
the presence of wug. Subjects previously
learned to select wug (Part 2) and were
trained to choose Button 4 (Part 1) in the
presence of all triangles. In the transitivity test
with the green background, all subjects chose
Button 4 when wug was the sample stimulus.
In the red background, subjects previously
learned to select yap and Button 1 in the
presence of S3 and S6; they also learned to
select zig and Button 7 in the presence of S9
and S12. For all subjects in the transitivity test
with the red background, yap became dis-
criminative for choosing Button 1 and zig be-
came discriminative for choosing Button 7.
There was one exception, Subject 4, who
chose Button 7 in the presence of yap once.
In the yellow background, git was discrimi-
native for a Button 2 response, bup was dis-
criminative for Button 3, gak was discrimina-
tive for Button 5, and pif was discriminative
for Button 6.

Transfer of these stimulus functions to the
nonsense words was shown without error for
all subjects except Subject 4. As previously
noted, the naming responses originally
trained in the yellow background dropped off
during the nonreinforced test trials for this
subject. Predictably, these functions trans-
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Fig. 9. Part 2: transitivity test data for all subjects. Selection responses to each nonsense syllable by background
color. The first number in each cell indicates button position selected (1 through 7 possible). The second number
indicates the times subjects made that selection response (1 through 5 possible; 0 responses are not graphed).

ferred poorly to the nonsense words in the
yellow background during the transitivity test.

Although the relations between the non-
sense names and button responses described
above were the focus of the transitivity test,
appropriate experimental control required
that test trials include presentations of all
nonsense words in all color backgrounds.
These control presentations introduced a di-
lemma for the subjects in that these trials
forced subjects to make some button respons-
es to nonsense words that appeared in novel
color backgrounds. For example, in the gen-
eralized naming test, wug was correctly
matched to triangle stimuli only in the green
background. In the transitivity test, wug also
appeared in the red and yellow backgrounds,
and subjects were required to make some but-
ton responses on those trials. On these trials,
the button responses were expected to be ei-
ther random, under the discriminative con-
trol of the color alone, or under the discrim-
inative control of the nonsense name alone
(via transitive stimulus equivalence relations,
as noted previously). Note (except for Sub-
ject 4) the consistent pattern of responding
on these control trials across subjects. If re-

sponses on these trials were random, no such
clear pattern would be apparent, except on
the test trials of primary interest described
above. In contrast, responses on these control
trials might predictably have come primarily
under control of the color backgrounds, giv-
en the reinforcement history provided in Part
1. Had this been the case, the following re-
sponse pattern would have been shown:
green: Button 4 only; red: Buttons 1 and 7
only; yellow: Buttons 2, 3, 5, and 6. Subjects
tended to err by giving these responses. For
example, see Subject 1, transitivity test, green
background (Figure 9) and note that Button
4 was chosen 10 of 20 times during control
(non-wug) trials. However, the results show
that nearly all button responses by all subjects
during this phase were controlled by the non-
sense words, regardless of color. That is, the
discriminative functions for the button choice
transferred to the nonsense names even in
the trials with novel color–name combina-
tions.

Part 2: Generalized Symmetr y Test

The generalized symmetry test demonstrat-
ed the emergence of untrained relations sym-
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Fig. 10. Part 2: generalized symmetry test data for all subjects. ‘‘Yes’’ matches between nonsense syllables and
each test triangle (S1 through S14) by background color. A maximum of five ‘‘yes’’ responses is possible in each cell.
Fewer than five ‘‘yes’’ responses in each cell necessarily means that the remaining responses were ‘‘no’’ responses.
Trigrams are listed by first letter, except gak (k) and git (t).

metrical to those learned during conditional
discrimination training of naming responses.
Specifically, subjects matched the appropriate
training triangles to the nonsense syllables
and the matching responses also generalized
to the novel triangles. Figure 10 illustrates
these results by color context for each sub-
ject.

Recall that the instructions for this test
phase asked subjects to make ‘‘yes’’ or ‘‘no’’
judgments about whether the test triangles
and nonsense names went together. Data pre-
sented for the generalized symmetry test are
the number of ‘‘yes’’ responses to each
name–triangle pair. Because each pair was
presented five times, a maximum of five
‘‘yes’’ responses is possible in each cell. Fewer
than five ‘‘yes’’ responses in each cell neces-
sarily means that the remaining responses
were ‘‘no’’ responses.

All subjects showed symmetrical respond-
ing in each background color. This symmet-
rical responding also generalized to the novel
test stimuli.

DISCUSSION

This study produced hierarchical categori-
zation through the contextual control of

functional classes established via the interre-
lated processes of conditional discrimination
and generalization. Recall that in the training
conditions of Parts 1 and 2, subjects demon-
strated differential responses (button selec-
tion and a naming response) to the triangles
depending on color background. Thus, dif-
ferential responding to a specific stimulus
feature was brought under contextual con-
trol. This contextual control was also hierar-
chical in that the stimuli at the top of the
hierarchy had a more general stimulus func-
tion than those at the lower levels. That is,
the stimuli at the top of the hierarchy com-
prised one large functional class, whereas the
stimuli at the bottom formed several smaller
functional classes. As was expected, the func-
tion shared by all of the stimuli at the top of
the hierarchy was occasionally shared or ac-
quired by stimuli at the lower levels. This
sharing or transfer of functions among the
stimuli in the hierarchy, however, was unidi-
rectional in that stimulus functions acquired
at the bottom levels were rarely acquired by
the stimuli at the top. When a bottom-up
transfer did occur, it most often involved nov-
el triangles with angles halfway between those
of the training triangles. For example, sub-
jects presented with stimuli in the green back-
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ground almost never erred by giving respons-
es appropriate to the red and yellow
backgrounds. Subjects presented with novel
triangles in the red and yellow backgrounds,
however, did occasionally default by giving re-
sponses appropriate in the green back-
ground, particularly when the angles of the
triangles were halfway between those of the
training triangles. An analogy for these re-
sults would be the following: Suppose a camp-
er knows the difference between a mountain
lion and a bear. She suddenly sees a large,
furry creature that looks strangely like both.
Her immediate response (leaving) is likely to
reflect the shared stimulus functions of bears
and mountain lions. If she verbally identifies
the creature, she might default in her answer
by saying, ‘‘Well, I just know it was a big mam-
mal!’’

Similar analogies will be described to sug-
gest the relevance of the other results of this
experiment. In Part 1, subjects matched but-
ton selection responses to triangles, depend-
ing on background color. This might be anal-
ogous to learning that there are specific
contexts in which it is appropriate to respond
to several cats as individual cats, whereas in
other, more general contexts, it is more ap-
propriate to respond to all the cats as if they
were alike. In the generalized naming test in
Part 2, subjects were able to match the tri-
angles to nonsense syllables by context. This
might be analogous to learning that in spe-
cific contexts, we should refer to the cats by
their individual pet names; in the general
context, we can refer to them all as ‘‘ani-
mals.’’ Once this learning has occurred, it is
suggested that the names normally become
redundant with the context: If we are given
care instructions that refer to a cat by its pet
name rather than as an ‘‘animal,’’ it usually
follows that the context in which we are ex-
pected to respond is one appropriate to treat-
ing that animal as a pet.

The present results also demonstrated that
hierarchical functional classes could be ex-
tended by bringing arbitrarily related verbal
stimuli into the classes. The transitivity test of
Part 2 demonstrated that the originally
trained functions (button choices) within the
hierarchy transferred to the nonsense sylla-
bles, so that the syllables became names for
the response classes within each level in the
hierarchy. Presumably, these untrained re-

sponses occurred via the emergence of tran-
sitive equivalence relations. The generalized
symmetry test of Part 2 then showed that the
degree to which the triangles shared a partic-
ular function also seemed to be the degree
to which subjects would name them as class
members by matching them to the nonsense
stimuli. These findings demonstrate that ar-
bitrary stimuli such as words can come to
stand for categories of stimuli when the cat-
egories are hierarchically arranged. These re-
sults support Sidman’s (1989) notion that an
important function of stimulus equivalence is
to bring arbitrary stimuli such as words into
preexisting functional classes.

A possible limitation of this study is that the
subjects were adults with preexisting well-de-
veloped repertoires relevant to categorizing
and naming. As a result, it is not possible to
conclude that the experimental procedures
were solely responsible for the behavior that
emerged or that these kinds of procedures
are responsible for emergence of hierarchical
categorization in natural settings. Neverthe-
less, the results do support the contention
that the present procedures were sufficient to
produce hierarchical categorization in ver-
bally competent subjects, and they are consis-
tent with the assertion that stimulus general-
ization and equivalence play a role in the
development of hierarchical categorization.
As such, the study achieved its primary goal.
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